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(54) DNA STRAI4DS ENCODING GLYCEROL-3-PHOSPHATE ACYLTRANSFERASE 

(57) DNA strands having the ability to biotechnolog- 
ically produce glycerol-3-phosphate acyltransferase 
(ATase) useful for converting the property of the PG of 
membrane lipids into that of more chilling resistance, 
specifically a chimeric gene of glycerol-3-phosphate 
acyltransferase (ATase) cDNA derived from squash in 
which the about one-third central region (the site 
cleaved by Kpn I and Hind III) has been replaced with 
the corresponding region of spinach ATase cDNA, a 
cDNA derived from squash in which the about one-sixth 
central region (the site cleaved by Hind III and Sac I) 
has been replaced with the corresponding region of 
spinach ATase cDNA, or a chimeric gene of ATase 
cDNA derived from spinach in which the about one-third 
3*-terminal region (the site cleaved by Kpn I and Eoo Rl) 
has been replaced with the corresponding region of 
squash ATase cDNA are disclosed. 

These chimeric genes can express a chimeric 
ATase which has a higher substrate selectivity to 

unsaturated fatty acids. The DNA strand is introduced 



and expressed in a chilling sensitive plant, so that it can 
afford a plant the chilling resistance higher than that 
afforded by the ATase gene derived from a known chill- 
ing resistant plant 
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E)escripti n 

Technical Field 

5 The present invention relates to a DNA strand having the ability to biotechnologically produce a chimeric glycerol- 

3-phosphate acyltransferase. referred to hereinafter as ATase, between the two kinds of ATases as produced by a spin- 
ach (Spinacea oleracea L.) and a squash (Cucurbita moschata Duch.). 

Background Art 

10 

Lipids constituting the biomembranes of plants changes from the liquid crystal form into the solid form depending 
on the lowering of surrounding temperature, and the properties of the biomembranes are also changed therewith. It is 
t)elieved in the solid state that the membrane losses the selectivity of material permeability, become Incapable of effect- 
ing the essential functions, and thus the cells are inr^ired. Among the lipids, phosphatidyl glycerol, referred to herein- 

75 after as PG. is a lipid easily solidified at a high temperature which has a high transition temperature from the liquid 
crystal to the solid state. Thus, the sensitivity of the biomembrane to temperature varies depending on the properties 
of PG. In this connection, the easy solidification property of PG is determined by the kinds of fatty acids as the constit- 
uents of it. The transfer of the fatty acid to glycerol-3-phosphate. refen^ed to hereinafter as G-3-P, is carried out by G-3- 
P acyltransferase, referred to hereinafter as ATase, of chlorophylL In other words, the transfer reaction of the fatty acid 

20 portion from the complex of the fatty add and an acyl carrier protein, referred to hereinafter as ACR to the G-3-P ts cat- 
alyzed by the ATase. 

In plants, the synthesis of fatty adds is carried out solely in chlorophyll, and the complex of the fatty acid and the 
ACP as the substrate of the ATase comprises primarily palmitoyl-ACP, referred to hereinafter as 16:0-ACP. and oleoyl- 
ACP, referred to hereinafter as 18:1 -ACP. The selection of the substrates by the ATase is determined by the properties 

25 of the ATase itself, that is the substrate selectivity of the ATase. The substrate selectivities of the ATase have been exam- 
ined in a variety of plants. For example, the ATases of spinach and pea as chilling resistant plants have high substrate 
spedficity to 18:1 -ACP. and the PG of these plants are in the liquid crystal state even at a relatively low tenrperature 
(Eur J. Biochem. 129 (1983) 629-636). By contrast, the ATase of a chilling sensitive plant such as squash cannot dis- 
tinguish 16:0-ACP and 18:1-ACP and transfer the fatty adds in respective complexes at the substantially equal ratio, so 

30 that the PG of the squash solidifies at a relatively high tenperature (as described in detail below). Further, on measur- 
ing the substrate selectivities, the selectivities of fatty add thioesters can be examined with either case of using AGP 
and CoA (Coenzyme A) (Plant Physiol. 83 (1987) 676-680). 

Among the ATases of the chilling resistant plants, only the ones of Arabidopsis thaliana (Japanese Patent Laid- 
Open Publication No. 1 1891/1992; Japanese Patent Application No. 4782/1990). pea (Plant Md. Biol. 17 (1991) 1067- 

35 1076) and spinach disclosed by the present inventor (WO 95/14094. International Application PCT/JP94/01956) have 
the overall amino acid sequences which have been completely eluddated. It has been revealed that the integration of 
an ATase gene derived from Arabidopsis thaliana as a chilling resistant plant or from squash as a chilling sensitive plant 
into tobacco as a plant having medium temperature sensitivity by the technology of genetic engineering permits the 
temperature sensitivity of tobacco to change into further chilling resistant in the case of the Arabidopsis thaliana and 

40 into further chilling sensitive in the case of the squash (Japanese Patent Publication No. 504439/1994; Japanese Patent 
/\pplication No. 502792/1992). 

Disclosure of the Invention 

45 It is known that the substrate selectivities of spinach ATase to unsaturated fatty acid ester (18:1 -ACP) are higher 
than those of pea or Arabidopsis thaliana. Also, the amino acid sequences of the ATase derived from the other plants 
such as squash, cucumber or safflower which are not chilling resistant have been reported. If a gene can be created 
which has a substrate selectivity to 18:1 -ACP higher than that of the conventionally known gene for the purpose of 
affording low-temperature resistance to a chilling sensitive plant, it can be expected that the gene is introduced into ttie 
so plant to afford stronger cNlling resistance to it. 

The object of the present invention is to provide a DNA strand having the ability to biotechnologically produce an 

ATase useful for converting the PG in membrane lipids into the one having a stronger chilling resistant property 

The inventors have successfully obtained a gene of a chimeric ATase utilizing an unsaturated fatty acid ester as a 
substrate and having a higher reactivity than that of a naturally occurring ATase derived from spinach by comparing ttie 
55 DNAs and amino acid sequences of spinach as a typical chilling resistant plant and of squash as a chilling sensitive 
plant and preparing a gene (chimeric gene) in which these two genes are combined and blended with each ottier. The 
present invention has been accomplished on the basis of such informations as described above. 

That is to say, tiie DNA strand having the ability to biotechnologically produce glycerol-3-phosphate acyl- 
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transpherase according to the present invention is characterized by having a nucleotide sequence encoding a polypep- 
tide with a glycerol-3i3hosphate acyltranspherase activity and with the amino acid sequence corresponding 
substantially to the amino add sequences shown in SEQ ID NO: 1. 2, 3. 4 or 5. 

Introducing the DNA strand according to the present Invention into a variety of plants and expressing the DNA 
5 therein make it possible to vary the property of the PG, In a preferred embodiment, to produce chilling resistant type of 
plants such as spinach etc. or the further chilling resistant type of plants, that is. to obtain chilling resistant plants. The 
technique for introducing and expressing the DNA strand in plants is a common technique which has already been con- 
ducted in many plants such as tobacco, petunia, chrysanthemum, carnation, potato and rice. 

The present invention also relates to a transformed plant and a process for preparing it. That Is to say, the trans- 
10 formed plant and a process for preparing it according to the present invention are as follows. 

A plant having the content of unsaturated fatty acids in fatty acids bound to the lipids varied from the original com- 
position owing to the DNA described above incorporated and the glycerol-3-phosphate acyltransferase produced by the 
expression of the DNA. 

A process for varying the composition of the fatty acids in the lipids in a plant, comprising incorporating the DNA 
described above into a plant cell and expressing the DNA In the plant to produce the glycerol-3-phosphate acyltrans- 
ferase, so that the content of unsaturated fatly acids In fatty acids bound to the lipids in the plant is varied from the orig- 
inal corrpositlon. 

A process for varying the sensitivity of a plant to a low temperature, comprising incorporating the DNA described 
above into a plant cell and expressing the DNA in the plant to produce the glycerol-3-phosphate acyltransferase. so that 
the composition of fatty acids bound to PG contained in the biomembrane of plant cells is varied, thus varying tiie con- 
tent of unsaturated molecule species. 

Brief Description of Drawings 

25 Figure 1 is schematic Illustrations of ATases of spinach (PPP). squash (QQQ). and primary chimeras. 

The chimeric ATases obtained by the DNA strands of the present invention are QPQ, Q(PQ)Q and PPQ. and the 
sites recognized by the restriction enzymes employed for the preparation of chimeras are also illustrated. 

Figure 2 is an illustration, for activities of the naturally occurring and chimeric ATases. shown with raw data (a) and 
with the relative values (b) of the incorporated amounts off 18:1-CoA into G-3-P to the total incorporated amounts of 
30 16:0-CoA and 18:1-CoA 

Figure 3 is the restriction enzyme maps of the chimeric ATase genes QPQ. Q(PQ)Q and PPQ. 
Arrows show the directions of translation, and white parts represent the DNA portions derived from spinach with 
black parts derived from squash. 
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35 Best Mode f or Carrving Out the Inve 
ATase genes 
< Definition) 

40 

The DNA strand having the ability to blotechnologically produce ATase according to the present Invention, that Is 
the ATase gene comprises a nucleotide sequence coding for a polypeptide which has the ATase activity and amino acid 
sequence corresponding substantially to the one of the amino acid sequences shown in SEQ ID NO: 1 , 2. 3, 4 or 5. The 
term "DNA strand" herein means a polydeoxyribonucleic acid having a certain length. The "DNA strand" in the invention 
45 Is specified by the amino acid sequence (including the altered or modified ones as described hereinafter) of the 
polypeptide for which the DNA strand codes, and the polypeptide is limited as described above, so that the "DNA 
strand" (including the degenerated isomers as described hereinafter) is limited as well. However, the "DNA strand" con- 
tains the gene coding for the ATase and thus useful for the biotechnological production of the polypeptide, which Is not 
possible with the only DNA strand having the limited length, but possible with the DNA strand having linked DNA strands 
50 having an appropriate length thereto at the upstream of its 5' side and at the downstream of its 3' side. 

Therefore, the term "DNA strand" in the present inventbn includes in addition to the DNA strands having the par- 
ticular lengths (SEQ ID NO: 1 . 2. 3. 4 or 5) those In the form of linear or circular DNA strands having these DNA strands 



having the particular lengths as a member. 



A typical existence form of the DNA strands according to the present Invention is a form in which the DNA strand 
55 Is Inserted as a part of the members in a plasmid or phage DNA. and a form in which the DNA strand is present In a 
microorganism (particularly bacterium), phage particle or plant In the form of being inserted in a plasmid, phage or 
genomic DNA. It goes without saying that the term bacterium herein Includes Escherichia coli and Agrobacterlum. 
A preferred occurring form of the DNA strands according to the present invention is the one present in a plant as a 
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form in which the ATase gene is integrally ligated to components for expression such as a promoter, a DNA strand cod- 
ing for a translation regulating region, a DNA strand coding for a transit peptide into chloroplasts, the DNA strand 
according to the present invention, a translation tenninating codon and a terminator so that the ATase gene can be sta- 
bly expressed in the plant, and the integrated DNAs being inserted in a genome. As the conponents, known conpo- 
5 nents for expression such as a promoter (e.g. cauliltower mosaic virus 35S promoter), a DNA strand coding for a 
translation controlling region, a DNA strand coding for a transit peptide into chtoroplasts (e.g. ribulose bisphosphate car- 
boxylase/oxygenase small subunit). a translation terminating codon. a terminator (e.g. noparin synthase) can be used 
in an appropriate combination thereof. 

10 { Gene coding polypeptide > 

The DNA strands according to the present invention, as described above, are defined by the amino acid sequences 
for which the DNA strands code. The polypeptide is a polypeptide which has an ATase activity and whose amino acid 
sequence corresponds substantially to the one shown in SEQ ID NO: 1 , 2. 3. 4 or 5. The phraseology "amino acid 
15 sequence corresponds substantially to the one shown in SEQ ID NO: 1 , 2. 3. 4 or 5" herein indicates that the polypep- 
tide may have a modification or alteration such as a deletion, a substitution, an Insertion or an addition for some of the 
amino adds as long as the polypeptide has the ATase activity. 

The ATase as the object in the present invention is an enzyme defined by EC2.3.1 .15. 

20 < Nucleotide sequence of the DNA strand > 

The DNA strands coding for the ATase according to the present invention are described above, and their typical 
examples are the ones having the nucleotide sequences shown in SEQ ID NO: 1. 2. 3. 4 or 5. or degenerated isomers 
thereof as well as the ones having the nucleotide sequences corresponding to the variation of the amino acid sequence 

25 of the ATase as described above or degenerated isomers thereof The term "degenerated isomers* herein means a 
DNA strand which is different only in the degenerated codon and can code for the same polypeptide. For example, the 
DNA strand having the nucleotide sequence of SEQ ID NO: 1 . 2. 3. 4 or 5. in which a codon corresponding to any one 
of the amino acids, for example the codon (AAC) corresponding to Asn has been changed into a codon such as AAT 
which has a relationship of degeneracy therewith is herein designated a degenerated isomer. 

30 A prefen-ed specific example of the DNA strand according to the present invention is a DNA strand having at least 
one terminating codon (e.g. TAG) flanking the 3'-terminal. Also, a DNA strand in a certain length as a non-translational 
region may be linked to the upstream of the 5'-side and/or the downstream of the 3'-side of the DNA strand of the 
present invention. 

35 < Acquisition of the DNA strand > 

A method for acquiring the DNA strand having the nucleotide sequence which codes for the amino acid sequence 
of the ATase described above comprises the chemical synthesis of at least a part of the DNA strand according to the 
method for the synthesis of a nucleic acid. 

40 In consideration of that the number of the amino acid residues of the known ATase is at least 368. it is preferable to 
obtain the library of a DNA complementary to mRNA by the conventional method used in the field of genetic engineer- 
ing, for example by the OKAYAMA-BARG method (Molecular Cell Biol. 2 (1982) 161-170) from the mRNA derived from 
the leaves of spinach and squash rather than by the chemical synthesis, and to create a chimeric gene which is a com- 
bination of DNAs derived from the both plants after the acquirement with the conventional method such as the immu- 

45 nological method with an appropriate probe or the hybridization method. 

ATase genes have hitherto been isolated from six plants including spinach and squash, and their DNA structures 
have been elucidated. The inventors have cloned the cDNAs of spinach and squash and recombined the two genes at 
the restriction enzyme recognition sites in the DNA sequence common to these two cDNAs to create a chimeric gene 
between the both genes. 

so SpecHically. cDNAs derived from spinach and squash were divided into three approximately equal parts with two 
restriction enzymes Kpnl and Hindlll, and chimeric genes of various combinations between both cDNAs were prepared 
with these divided parts. The inventors have found that among a v a rietv of chimeric genes, a chimeric qene in which 
the middle fragment of the three divided parts of the squash cDNA has been replaced with the corresponding fragment 
of the spinach DNA (QPQ. corresponding to SEQ ID NO: 2). and a chimeric gene in which the divkJed fragment at the 

55 3' terminal of the cDNA of spinach has been replaced with the conesponding fragment of the cDNA of squash (PPQ. 
con-esponding to SEQ ID NO: 1) as well as a chimeric gene in which only half at the amino terminal skle of the part 
derived from the cDNA of spinach in the chimeric gene (QPQ) of SEQ ID NO: 2 has remained to be derived from spin- 
ach and the remaining haH has been derived from squash (SEQ ID NO: 3: Q(PQ)Q) express ATase proteins having a 
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high substrate-specificity to unsaturated fatty acids, and acconpllshed the present invention on the basis of the infor- 
mations. 

The structure and the method for obtaining the cDNA of the ATase derived from squash are known, and thus the 
cDNA can be obtained according to the method (Japanese Patent Uid-Open Publication No. 235594/1989). Also the 
5 structure and the method for obtaining the cDNA of the ATase derived from spinach have been elucidated by the 
present inventors, and thus the cDNA can be obtained according to the method (Wo 95/14094; PCT/JP94/01 956). 

In addition, the general method for preparing chimeric genes Including the ligation of fragments of genes can be 
refen-ed to for example Molecular Cloning, Second edition, Sambrook et al. eds.. Cold Spring Harbor Laboratory Press. 
1989, and specif fc examples of the preparation of the chimeric genes according to the present invention is illustrated iri 
10 the examples mentioned hereinafter. 

Transformation 
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As described above, the DNA strands for encoding the chimeric ATases derived from spinach and squash have 
been provided according to the present invention. In order to express the DNA strands and to produce the polypeptides 
(ATase) for which the DNA strands code, it is required to be introduced into plant cells In the form that in addition to the 
DNA strands according to the present invention, an appropriate promoter, a DNA strand coding for a transit peptide into 
chloroplasts. and expression regulating sequences such as a translation termination codon and a tennlnator have been 
ligated integrally A transformed plant can be obtained by introducing the DNA strand of the present invention into the 
plant cell (transformation) and culturing the cell with an appropriate combination of a promoter such as the 35S pro- 
moter of a cauliftower mosaic virus, the promoter of a nopaline synthetase, or the promoter of a small subunit of ribu- 
lose-1.5-bisphosphatG carboxylase/oxygenase, and a terminator such as the terminator of the nopaline synthase, or 
the terminator of an octoplne synthase according to the known method. It is also possible to employ the known DNA 
strand for encoding the transit peptide into chloroplast for example the gene of the small subunit of the ribulose-1 5- 
25 bisphosphate cartx)xylase of pea. 

Asdesalbed below, the content of unsaturated fatty acids in the fatty acids of PG depending on the differences of 
the expressions of genes in plant species or strains can be varied (increased or decreased) by introducing the DNA 
strands of the present invention into plants, and a chilling resistant plant can be obtained by increasing the content of 
the unsaturated fatty acids. 

Plants as the object for introducing the DNA strand of the present invention may be any one of a chilling sensitive 
plant, a chilling resistant plant or an intermediate plant of the two. and among these pfants the chilling sensitive plant is 
particularly preferred. 

The chilling resistant plant includes cereals such as rice and corn, potatoes such as taro and sweet potato, vege- 
tables such as cucumber, pimientp. eggplant and squash, fruit trees such as banana and melon, fkwering plante such 
as orpine, cyclamen, lily and rose, and minor farm products such as a castor oil pfant or sponge gourd The chilling 
resistant vegetable and the intermediate vegetable include barley, spinach, pea. Arabidopsis thaliana. tomato and 
tobacco. 

As the method for introducing exogenous genes into plants, various methods which have already been reported 
and established such as the method in which the Tl plasmid of Agrobacterium is used as a vector, or the method in 
which genes are introduced into the protoplast of the plant by electroporation can be used appropriately depending on 
the vegetables into which genes are intended to be introduced (e.g. see "Plant Molecular Biology Manual" Second edi- 
tion, S.B. Gelvln and R.A. Schilperoort, Kluwer Academic Publishers. 1995). As the materials of plants for introducing 
exogenous genes, it is possible to select the appropriate one from various materials such as a leaf piece, a stem piece 
a tuber piece, a protoplast, a callus, a pollen, and a pollen tube. 

In the preferred embodiment of the present invention, the saturated molecular species of phosphatidyl glycerol, i.e. 
lipid molecular species which cause the phase separation of a biomembrane and thus the chilling injury to plants can 
be considerably reduced (the content of unsaturated molecular species or unsaturated fatty acids is increased), so that 
a chilling resistant plants are thus obfained. 

so EXAMPLES 

The present invention is now described in more details below with referenc e to examples, it is not limited to these 

examples. ~ 
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55 Examples Preparation of chimeric ATase gene 

The cDNAs derived from squash and spinach were prepared according to the method described above (Japanese 
Patent Laid-Open Publication No. 235594/1989, and WO 95/14094: PCT/JP 94/01956), and cloned at the EcoRI site of 
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pTZ18R. 

(1) Preparation of the ATase gene of squash 
5 (i) Acquisition of RNA 

The total RNA was obtained by the method described by Chirgwin et al. (Biochemistry 18 (1979) 5294-5299) from 
about 10 g of cotyledons which were obtained by sprouting the seeds of squash in the dark at 30*C for 5 days and irra- 
diating white light for 12 hours. The RNA having poly A was isolated from the total RNA according to the method 
10 described by Aviv et al. (Proc. Natl. Acad. Sci. USA. 69 (1972) 1408-1 412). 

(ii) Preparation of RNA library complementary to RNA 

The DNA complementary to the above described RNA having poly A was synthesized according to the method 
15 described by GuWer et al, (Gene. 25 (1983) 263-269). In this case, oligo (dT) and random oligonucleotides were used 
as primers The double stranded DNA thus synthesized was methylated with an EcoRI methyiase at the cleavage site 
by the restriction enzyme EcoRI. and an EcoRI linker (dOGAATTCC: TAKARA SHUZO K.K.) were linked to the ends of 
the DNA. Furthermore, the extra part of the linker was cleaved with a restriction enzyme EcoRI. free linkers were 
removed from the cDNA fraction by the gel filtration method, and the cDNA and a phage >^1 1 arm were linked 
20 together. The DNA was next packaged into X phage particles by the In vitro packaging method to give a library with 
A.gtll. 

(iii) Screening of ATase gene retaining strains 

25 A strain reacting with an antiserum specHic to the squash ATase 3 was selected from the phage library thus 
obtained as described above to obtain an ATase gene retaining strain. 

The cDN A library thus obtained was first infected with the Escherichia coli. strain Y1 090 to search about 1 50 plates 
having formed 10.000 plaques per plate thereon by the method described by Huynh et al. (DNA Cloning (1985) IRL. 
Oxford Vol. 1 . 49-78). Each plate was retained in tight contact with a cellulose filter which had been preliminarily dipped 

30 with isopropyl p-D-thiogalactopyranoside at a temperature of 37<>C for 2 hours, and then washed three times with 0.15 
M Naa and 50 mM phosphate buffer containing 0.1% Triton X-100 (pH 6.8) for 20 minutes. Next, the antiserum 
obtained from mice was diluted 1 .000 times with the same buffer as described above, and the nitrocellulose filter was 
impregnated into the dilution and shaken at 4<'C overnight. The nitrocellulose filter was then washed three times with 
the buffer described above, reacted with a secondary antibody linked with a peroxidase derived from horseradish 

35 thereto at room temperature for 2 hours, and washed three times in the same manner as described above. Next, color 
development was carried out with 4-chloro-1-naphthol and hydrogen peroxide as the substrates, and the transformant 
strain which developed a strong color was taken out to carry out secondary selection with antibodies. First, the protein 
produced by each transformant strain was fixed on a nitrocellulose filter, and it was reacted with an antiserum. The anti- 
bodies left on the filter after washing are the ones which react only with proteins produced specHically by the transform- 

40 ant strains. The antibody was dissociated from the filter with 5 mM glycine-HCI (pH 2.3) and 0.15 M NaCI, and 
subsequently the purified ATase 3 was subjected to SDS-electrophoresis. followed by the reaction with the blotted f nter. 
It was judged that the transformant strain in which an antibody reacting with the purHled ATase 3 has been obtained is 
the ATase producing transformant strain. From the strain was prepared a large amount of phage, off which DNA was 
digested with an restriction enzyme EcoRI to cut out the foreign DNA. which has a size of about 400 bp. 

45 The clone was subjected to nick translation with ^Sp-dATP (TAKARA SHUZO K.K.) to prepare a probe having a 
radioactivity of about 10^ dpm/^g. The complementary DNA library was screened again with this probe. The filter hav- 
ing adsorbed the phages thereon was remained in a suspension containing 50% formamide. 5 x Denhardt's solution 
(0 1% Ficoll®, 0.1% polyvinylpyrrolidone, 0.1% bovine serum albumin), 5 x SSPE (0.75 M NaCI. 50 mM sodium phos- 
phate. 5 mM EDTA, pH 7.4), 0.1% SDS and 100 ^g/ml of salmon sperm DNA overnight at 42«C. The DNA probe 

so labelled with ^^P was added for the hybridization for further 24 hours. The filter was washed according to the conven- 
tional method to select a phage which hybridizes strongly with the probe. It was estimated that this phage comprises 
the 1426 bp exogenois DNA in which the 1188 bp open reading frame is present, and that a protein comprising 396 



55 



amino acids and having a molecular weight of about 44.000 is encoded in this phage. The Escherichia coli strain (des- 
ignated AT-03) which has been transformed with the transformant plasmid pAT-03 obtained by cloning the 1 426 bp DNA 
into the plasmid vector pTZ18R (Pharmacia) has been deposited into Fermentation Research Institute, Agency of 
Industrial Science and Technology. M.LTL (renamed National Institute of Bioscience and Human-Technology. Agency 
of Industrial Science and Technology). 1-3. 1-chome. Higashi. Tsukuba-ShI, IbaraW-Ken. Japan, with the acceptance 
number of PERM BP-3094 (deposition date: March 11. 1988) 
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(2) Preparation of spinach ATase gene 
(i) Preparation of spinach cONA library 

' ^T- IT '*'^.t°''if '"f a**"* 10 9 of the cotyledon of spinach (Spinacia oleracea L var. grabra Viro- 

^ possessing poly A [poly (A)* RNA] was isolated from the total RNA accordina to the 

method described by Aviv et al. proc. Natl. Acad. Sd. USA, 69 (1972) 1408-1412] accoraing to tne 

^ Flt^^ ^^'^iL^lf^J synthesized according to the method described by GuWer 

t J^^Jt "^"^^ ^^"'^o'" oligonucleotide were used as the ^ImeS Th^ 

doubte stranded cDNA thus synthesized was treated with EcoRI methylase to methylate the cleavage site trthihe 
restncton enzyme EcoRI. and then the EcoRI linker (dGGAATTCC: TAKARA SHUZO K.K.) was added to the S ter 

cDNA fraction by gel permeation method, and cDNA was linked to the arm of the phage Xgtll. Subsequently the DMA 
15 was packaged in the ^ phage particles (Gigapack Gold; Stratagene) to give the spirJach cDNA library!? me pLge XguT 

(ii) Preparation of a probe for screening library 

M '""'^^ analyzed by the northern Uot technique with the cDNAs of the ATases of squash and Arabi- 

th^^'^L^.^rPMA ""^T P^^--^ '° above. R^eTg^e^of 

the poly (Ar RNA8 of squash, spinach, barley, rice and pea was denaturated with glyoxal. subjected to elertropho^fe 

and Ivbrdized with the cDNA as the probe. Hybridization was carried out in a solution comprising 6 x SSPE [1 x SSPE 
10 Phosphate bufer (pH 7.0). 1 rrM EDTA. 0.15 M tMaCH. 0.2% SDS. and 1 00 ^g/ml of herring sperm DlSlA ^eo^C 
25 for 16 hours. The membrane was then washed with shaking with 2 x SSC (1 x SSC: 0.15 M NaCI 15 mM sodium cit- 
Sl**' mh' '^^'"^^ 15 minutes and then twice at 42»C for 15 minutes. As a resuH ren tfs "ng 
thT^MA*','"^^'^.°' ^"^"^ ^"^ Arabidcpsis thaliana as the probes, an about 2 kb band was detected in Sh 
S«^nT»^r?if A? ^""'^ u° ''^"^ ''^'^^ "^"'^A of spinach. It was thus judged difficult to 

"f^f «>"]Parison of the amino acid sequences of the ATases derived from these four vegetables (the DNA struc- 
tures of ttie ATases derived from the remaining two vegetables have also been elucidated) tes7eSJe?that s^JSl 
reg^ns have re atively high homology Thus. DNA was synthesized from each of such high.} homcJ^SlrSinlSS 

35 ^ oftiroN? ' "^'^^"^ Z^"^' *° Arabidopsis thaliana and squash, and the SnbinS-ns <JIe 
^ of these DN/tewere used as the primers in o«ler to obtain the DNA inserted by the primers by PGR (Polymerase 
Cham Reartion)jrhe con-esponding primer DNAs were synthesized (Model 394 DNA/RNA Synthesizer: AppHed 
systems), referred to as pnmens 1 - 6. respectively, of which sequences are shown below. 

1. 5'-TTGCTGCAGGAATGGAAGAA. 
40 2. 5'-GAQAGCCTTTTGA(T or QTACTACA. 

3. 5 -TGTGTTTATTCX3AAAAAQCACATQ. 

4. 5-CATGTGCI 1 1 II IGA(A or Q)TAAACACA. 

5. 5'-QAAQAAGCATCAAAGQQTQC. 

6. 5'-QQAGQQQQCAT(G or T)ATQTCAr. 



so 



'"^^ "li?®'^' "* " ^ to sense chains, and 4 - 6 correspond to anti-sense chains. In the PGR 

r^r*! '^'T ^ comprising components each of which is selected from each group were used Genomic DNAs 
or DN^ derjved from cDNA library may be used as a template used for the PGR reaLn Jn thfs ^e. cdZL s^^ 
tt^^ized with a reverse transcriptase and mRNA as a template to form a cDNAMiRNA hybrid, which was used as a tem- 
oHhp ^/rni^2 out with Gen Amp™ RNA PGR Kit (TAKARA SHUZO). The synthesis reaction solution 

of the first CDNA strand comprises 50 mM Tris-HCI (pH 8.3). 50 mM KGI. 4 mM DTT. 80 mM Mga^. 0.8 mM dNTPsiS 
^.g/ml of Smer random ol.go D NA. 20 U RNase inhibitor. 2 »g/ml of poly (A)> RNA. and 50 U erf a transcS^ e 
and amounts to 20 in total, on which 100 pi of a mineral oil was layered for reaction at 42°C fori f^rTnTSS 
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expenment. the squash mRNA was also used as a tenplate for control in addition to the spinach mRNAAfli^Sn 
the reaction mixture was subjected to a temperature of for 5 minutes to inactivate Se reverse lan^rtotlsf S 
aforementioned primers (20 were added to the synthesis reaction solutton of the first cDNA stranJin oK t^ syn 

SrTmlnl'!5^of^"?- ''"^f ' ^ '''^^ ^ a cyde comprising the riSn aTgs "c 

for 1 minute, at SS-C for 1 minute and at 72-C for 2 minutes After reaction, the mineral oil was extracted with 100 ,J 
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chloroform to recover the aqueous layer, which was further treated with 100 ^d of ^f^^^rTl'S^S^^^ 
Dortion of the aqueous layer thus obtained was used for the isolaton and analysis of the DNA synthesized by 1% aga 
S gel eSS^s. AS a result, an atx)ut 300 bp amplHied DNA fragment was observed .n both cas^from^rn 
SfarS sauSi mRNAs only with the primer set of 3 and 6. In the other 8 combinatons. no band which had Ihe same 
Se a^thTSi^anpSied DNA fragment derived from the squash mRNA was observed in the DNA denv«J f romthe 
Sna^ mRNi ^ST^ified DMA fragment was blunted at the both terminals with the Kleno« fragment and then 
cloned at the Smal site of the plasmid pTZISR (Pharmacia). 

(Si) Screening of ATase cDNA-carrying strain and isolation of cDNA 

The screening of the cDNA library was carried out with the DNA fragment thus obtained as a probe. An ^erichla 
coli ^rain Yl oSi (r-) was infect«l with a transformam phage containing the spinach cDNA to prepare 40^tes havmg 
rlmewr of about 1 5 cm on which about 30.000 plaques have been formed, and the phage was tanscnbed to a nylon 
mSteVH^nd-N^; Amersham). The probe DNA was labelled with ^^p^ctp with Multipnme DNA^abe^n^^ 
SSS^m Hybridization was carried out with a hybrWization solution having the same composition as that descrtoed 
n^^SXoS for 16 hours, and final washing was carried out twice with 0.1 x SSC at 50-C for 20 minut^. 
^Tiv^DlSSs at frie first screening was saeened again in the same manner as above to give 3 posrt|ve phages. 
ST^s me^pu^^ in o«ler to oSain phage DNAs. These phage DMAs were cut with EcoRI. and cDNA was sub- 
^^^^tothVptesLpTZ18R(Pharmacia)todeterminethen^^^^^^ 

Sa doni thi obteined (SpAT#1 - 3). SpAT#1 has a length of about 1 .5 kbp. and the amino acjd sequence of its 
SeTrea^^ S^e when compared with the amino acW sequence of the ATases of the other vegetables had an am.no 
S dStion aTthe N-terminal.^us. the spinach cDNA library was screened with SpAT#1 as a probe to gn^an al»ij 
S?bD SnA c one (Sat#4). The cDNA clone as the combination of these clones (SpAT#14) has a length of 1 .eS6 
to i^ w^Ta 1 413^S^open reading frame is present, and it is estimated that a protein comprising 472 amino acds 
and having a molecular weight of 52.177 is encoded in the open reading frame. 

(3) Preparation of chimeric ATase gene 

Comparison the nucleotide sequences between the cDNAs derived from squash and spinach a software 
analSS^mS^uence of DNA and the like (DNASIS. ver. 3.0) revealed that about 70% of the nudeotKle sequence 
wasSmnSn S^he whole. Several srtes of recognizing restriction enzymes were found in Ihe common sequence, fd 
Tte sS^^Hind II and Kpn I were present at the positions that divide almost equally into three portons (Figure 1). A 
tStdfrnfATSSgenevi^successfullyob^ 

S2 St^iSe doning site of the cDNA on the vector and the two restriction enzymes described above. A gene o^ 
wStoh Mrt was replaced tv a gene derived from the rt^^^ 

SaSrgenTtn Wscase. genes derived from spinach (referred to as P) and squash (referred to as Q) are now 
StSS^sSaly from the N-temtinal as a combination of the three one-third genes in OKler to '""strate chimenc 
InS^dCto thelstra^^^^^ method, natural genes derived from spinach and squash are illustrated PPP and 
^S^tiilTeSn wLich one-thirS from the N-terminal has been replaced with each other are "^"st^^fl as QPP and 
So Se aeJS n wNd, the central part has been replaced with eadi other are illustrated POP and QPQ. and the 
qenes n wwronwThe^^^^ has been replaced with ea* other are illustrated PPQ and OQP(F^e l). 
^ t LpStS preparation example, the deavage of the genes derived from spina* and ^ash wrth Eoo Rlpro- 
ducis S iTai^l 1^ kbp CDNA fragments, respectively, and the further cutting of these fragmente wrth HindlU 
fesutts^n another deavage at the about one-third position from the N-terminal. The replacemert of these pa^ wrth 
^c^ Xr Srchimeric^ in which tine one-third from the N-terminal had been replaced by the gene der«,ed from 

^ rrcSTeriig^^^^^^^^^ the two natural genes (PPP and OOO) werectoned to the vector pETI 7b 

(NoTge^rfor egression in E. coli. and two DNAs was synthesized in order to remove the transrt sequence (Applied 
Biosystem). In the case of spinach, the following two DNAs were syrthesized: 

5 ' -TGAC GCATGCGCTAGC CACTCTCGCACTTATCGT AACGTTCGT-3' , or 

5 ' -TGAC GC ATGCGCTAGC CGTTCTCGCACT-^ * , 

' wherein the double underline represents the Sph I site, and the single underline represents the Nhe I srte; referred to 
hereinafter as synthetic DNA 1 . The former DNA is more preferred. 
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5 ' -CAGCTCTTCTGCAGAACGAACGTTACGATA-3 ' , 

reaction was carried out with the Klenow fragrnent of DNA polymerase in the presence of four dNTPs to oreoare an 
ad^ter having the Nhe I site therein. Also, in the case of using the latter short synthetic DNaTv^s ^^n'e^ St^e 
synjetic DNA haying the Pst I site and used as a primer for PGR in which the cDNA of the spinach g^L (PPH 

S VT^ ' "^I"^ '"^""^ '"'^ '"'^ ^^^'^ the presence oTtrfour dNlp^ 

S^H at T!!^ "^"'"^ out With Sph I and Pst I. the DNA fragment was inserted into a plimVd con" 

tein^ me ATase cu^with the same restriction enzyme set 1o select a plasmid into which the Nhe I site haS beri^Jo- 
duced. /te a result the amino add sequence in the neighborhood of the N-terminal of the maturatic^ enzyiS o^e 
spinach ATase was changed from Gln-Leu-Leu-Arg into Met-Ala-Ser-His(Arg) (alteration of four a-^nTalS 

. °*!!!' '^"t- ^^'^ ^^^"9 ^"^^^ A'^^^® N-terminal. the site of the restriction enzyme Nhe 

Iwas introduced into the neighborhood of the maturation enzyme of the ATase by PGR. That is to sa^ aterS^Jg 
two DNAs were synthesized. 30 cycles of PGR were carried out. with a cyde conprisino the rlSaTL-cT? 
m^ute, a. 55»C for 1 minute and at 72»G for 2 minutes, to give an about lSo t^^l^^^Set^Z^ 
Nhe I sites at the one side and the Pst I site at the other side. wn naving me apn i and 



20 



5'- 



ACG GGCAT6CGCTAGC CACTCCCGCAAATTTrTrr;ATr;T--:t » ^ 



:i::;St:'afsS«r^^^^^^^^^ ■ ^ ^'"^'^ ^-^^ '^'^^^'^^ ^ -^^^ • ^^^-^ ^ 



25 



5'- 



CCATTCCTGCAGCAACATTTGGAGGCAGC-3 ' , 
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nJll!*^'^ ""^^T '^'^"^ PS* ' Site. The DNA fragment thus obtained was cut with Sph I and Pst I 
^^TJTm^^'^. '""^ ""^^^^ '^"^ ^-"^ ^^striction enzyme set to select a plasmL into wWch 

me Nhe I site had been introduced. As a result, the amino acid sequence in the neighborhood of the N-termiSSnS 

rrS;iTdsr"' ''''''' "^"'"^ Gin-Pro-Ala-His into Met-Ala-Ser-Hir(al.e!SSn^ teS 

Next, there is a Sac I site at the center of the portion Q of the chimera POP. and a finer chimera for the central r»rt 
was prepared with this site. The following DNA was synthesized from the site cc^rresponding tore^JglS^rSTi^^ 
center of the spinach gene in the antisense fashion a lo me neignDornooa ot the 

5'-ACGAGCICGGGATGATCATACATGTGCTT-3', 

wherein the underline represents the Sac I site; referred to hereinafter as synthetic DNA 3 

Synthetic DNA 1 and 3 were combined, and PGR was carried out under the same condition as described in the 

c'SSrsTofHinTlu a"^ Z ^o'"' "IT' ' ^"^^ fragmrnt m^Zu^ei w^ 

cut w^ tf^e set of Hmd III and Sac I to give a fragment of the central part of the gene derived from soinach which rann*^ 

from Sac I ne«ly introduced artifidally to Hind III. Also, after PGR witS use of the squash gSe i aTeSrS tSe 

manner as above, the DNA fragment was cut with Hind III and Sac I. and a DNA fragment wh^ S beLn^ii^,^ 

whidi POP was cut with the set of restriction enzymes Hind III and Sac I and the fragment between ihem was removed 
were combined to prepare P(PQ)P and P(QPQ)P. respectively. In this connection. L sequence deriv^ ^Si 

"Tu'" '^J: '^"^^ 9^"^ 's the sequence corresponding to the pHmTuse^ iTpJ? 

fl« <PQ) °* ^•^""e^a obtained by cutting P(PQ)P wrth the restricL enzy^,es HiS!n and Si 

«„H ^ H 1^'^ ""^^ ^* N-terminal of a variety of chimerfe genes thus ^oSS 

^irSrSr^zTmS"" ^ ' ^'^ ^ ^ '-"^-^ d^estefr^l 
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Experimental Example 1 Expression of chimeric ATase gene in E. coli 



/oirJ?'? ^^^!^^ obtained as described above was introduced into the competent cells of the E coli strain BL2i 
DE3)pLysS (Novagen) prepared accoKling to the conventional method (Molester Ck^Jng pp 2^-2!? lS an^ I 
transforman, was obtained by the selecfion according to resistance to Lpidnin. E. coZZ^ only IS cl^meric 
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gene or the original plasmid pETI 7b was cultured in the Luria-Bertani medium JL°^„l'i2dT?^^ ^ 

30 uQ/ml of chloramphenicol at Z7'C until absort>ance at 600 nm reaches 0.7. and isopropylthiogalartreide (IPTG) «^ 
^d'STo as Te^centration to be 0.4 mM before curturing for further 3 hours. Cells 

and^red at .20»C until they are used. It has been confirmed by measunng the activrty according to the method 
, SSSlJto^that the enzsJr^e activity will not be changed during the storage in the refrigerator for several jlays 

The cells having been frozen were thawed on ice. dissolved in a solution comprising 20 mM Tris-HCI f 0)- 2° 

mM drthiom etoTS mM MgOg. 1 ^g/ml of DNase I. and maintained at 4-C for 1 hour. The E. col. strain Bm (DE3 

oL^sS us^Tn Se L^^^^ original^ produced T7 lysozyme. and thus could be lysed satisfactonly by mairtaining rt 

Jj?^?irsSe>Sintrifugedat3b.b00xfllor10minulesto 
w i 1 00000 X ^for 1 hour to isolate the supernatant which was used as the sample for measuring the enzyme activ-j, 
A 'Zon oTUch sample was subjected to SDS-electrophoresis to examine the amouril Of eo^^^ 

Of the transformants contained the expressed protein at about 5% of the total sample prote.n. and the amounts of the 

protein expressed are not significantly distinguished between chimeric and natural genes. 

IS F» perimental Example 2 Measurement of enzyme activity 

The activity of ATase was measured according to the standard method described by Bertrams and Heinz [Plant 
PhvJ^I S n^1) S-657] by measuring the transfer rate from acyl-CoA to [U-^^C] glycerol-3-phosphate "me 
steSaii Sasu^^l^s carried out at 24-C with 80 ^1 of the solution comprising 0.25 M Hepes. pH 7.4. 6 ^g/ml o^ 

^ SL^:ruma^Srn0.3 mM lU-^^:] g.ycero.-3-phosphate (0.9 Ci/mole). about 1 ^9 the E. coli extract, anc. 0^4 mM 
Dalmitoyl-CoAoroleyl-CoA. After 8 minutes. 2.3 ml of a mixture of chloroform and methanol (1 : 1). m of 1 MKClei^ 
SiTi PO, were added and stirred sufficiently to slop the reaction. After centrifugation. 0.9 ml of the lower layer 
Saanic layer) vis recovered and mixed with the cocktail (Aquasol-2) of a liquid scintillation counter to measurethe 
S incorpo^te,^^is connection, the amount of protein added to the reaction was adjusted so as to be 30% erf 

25 ?rar^,uTXSS exhibiting the maximum amount of incorporation by preliminarily measuring the amountsfor some 
^nc^ralrlTa resutt, wSile no activity was detected in the case of E. cdi corrtaining pET17b «,lely. remarl^a 
SzJ^e Sy was detected in the case containing a variety of chimeric and natural ATase genes (FKJure 2(a)). Firet 
S PpTal SlQ genes exhibrted high activities when an unsaturated fatty acid ester (18:1 -CoA) or a s^rated 
S add ester (16^-CoA). respectively, was used for the measurement of the activity. In addition the genes »«ving a 

30 SS^^e dSlXm sp nach (P) in the central one-third part (PPQ. PPP. QPQ. P(PQ)P. Q(PQ)Q) generally sha« r 
SSelTSheTlSvitles when they Ued unsaturated fatty acW esters, so that this sequen<j v«s 
the reactions using unsaturated fatty acids as a substrate. Furthermore, surprisingly. QPQ. «T»ng Ihwe genes. 
s^oISTe^cSX 2 LI or more as compared with that of the natural gene (PPP). and thus repealed thai the enzyme 
reaction rate of this chimeric gene was enhanced by the genetic recombination. 

reactiw. rate 0^ mec g by the relative value to the both substrates. (Figure 2(b)). Afi a 

resu?^; crtmerfc ge^^e P^^^^ used sifcstantially only unsaturated fatty acids as the substrates and thus had a reaction 
rat^ to me Srat^ fatty a faster than that of the natural gene (PPP). Similarly, chimeric genes QPQ and 
Q P<Sq 4d ^rtS? rate to the unsaturated fatty acids faster than that of the natural gene ^^^^^S^^^X 
^er^Mof the last chimeric gene Q(PQ)Q. the amino-temiinal half of the central part was "'[^'^e^ed inporte^^^ 

40 the S^ons using unsaturated fatty acids as a substrate. Alsa any chimera genes have the ^termin^l ^ 
comprising a gene derived from squash, and thus a combination of the gene denved from spinach in the central part 
and the gene derived from squash in the C-terminal was thought optimal. .t»o« /npo and PPQ^ 

m this connection. Figure 3 illustrates the restriction enzyme maps of the chimeric ATase genes (QPQ and PPQ). 
in the figure the arrow illustrates the direction of transfation. the clear parts represent DNA parts denved from spinach. 

45 and the blad< parts represent DNA parts derived from squash. 

p^f.rimantai Eyanxale 3 Introduction of a chimeric ATase gene (PPQ) into tobacco cells 

DNA of a chimeric ATase gene (PPQ) was introduced into tobacco cells as described in the foUowing. 

SO 

(1) Construction of a vector plasmid tor expressing in plants 

A binary plasmid pB1121 (Clontech) was cut with restriction enzymes Sac 1 and Sma 1, and terminals thus cut 

were Wum3 S a Kl'enow fragment arif then ligated wHh a T4 DNA ligase. The plasmid P^^^^ 
55 contains no p-glucuronidase gene (GUS gene) and has the sites of the ^ """^"^ 

sites between the 35S promoter of a cauliflower mosaic vims and a nopaline synthase NOS) termmator. 

T?.e^rasmW cont Jning the chimeric ATase (PPQ)oblalned in Example 1 was cut wrth a restriction enzyme Eco Rl 
to separate the vector plasmid pTZIBR and the DNA of the chimeric ATase by the low-melting agarose gel eleclrophore- 
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sis, and the DNA was cut from the gel. Furthermore, the terminal cut of the DNA was blunted wHh a Klenow fragment 
At the same time, the plasmid pBIl 21 (-GUS) obtained as described above was cut with a restriction enzyme Bam h'i 
and treated in the same manner as described above to give a blunt terminal. The DNA of the chimeric ATase and the 
plasmid pBI121(-GUS) thus obtained were ligated with a T4 DNA llgase to give a plasmid pBI121-35SPPQ containing 
s a 35S promoter, the DNA of the chimeric ATase and an NOS terminator. In order to replace the 3SS promoter of the 
plasmid with an NOS promoter, the plasmid was completely cut with Xba I and then decomposed partially with an insuf- 
icient amount of Hind III to remove the 35S promoter of about 800 bp. On the other hand, for the NOS promoter the 
following two primers were prepared by PGR with pBll21 as a template. In this connection, for the design of the primer 
«ie nudeotide sequence of the NOS promoter in pBIN19 was obtained from the data base (accession number! 

10 U093d5). 

S'-AQAGAAOeilCaATCATGAQCQGAQAATTAA-S'. 
5-AQAGIC2aS^ATCXX3GTGCAGATTATTTG-3', 

wherein the parts of the underline correspond to Hind III and Xbal sites, respectively. The reaction product of about 300 
^ enzymes, and the promoter DNA was purified by low-melting agarose gel electrophoresis 

15 TTie DNA fragment and the plasmid having removed the 358 promoter therefrom were ligated with a T4 DNA ligase to 
give a plasmid pBll21-N0SPPQ containing the NOS promoter, the DNA of the chimeric ATase, and the NOS termina- 
tor. 



30 



35 



40 



4S 



SO 



SS 



(2) Introduction of pBI121-N0SPPQ into Agrobacterium 

Agrobacterium tumefaciens LBA 4404 (Clontech) was inoculated into a YEB medium (5 g/1 of beef extract 2 mM 
MgS04. pH 7.4). cultured at 28''C for 24 hours, and the culture medium was centrifuged at 3.000 rpm at 4<"C for 20 min- 
utes to collect cells. The cells were washed three times with 10 ml of 1 mM HEPES, pH 7.4. once with glycerol finally 
suspended into 3 ml of 10% glycerol to prepare the agrobacterium cell solution for introducing DNA 

A 50 ^l portion of the Agrobacterium cell solution and the plasmid pBII 21 -NOSPPQ were placed into a 1 mq cuvette 
*o l""^"*'® plasmid DNA into the Agrobacterium by applying electric pulse under the condition of 25 uF 
2500 V and 200 n in an electroporation apparatus (Gene Pulser. BioRad). The cell solution was placed into an Eppen- 

rHH °* ^" "^''""^ ^ °* *"P'°"- S 9 °* yeast extract. 0.5 g of NaCI. 2.5 mM KCI. pH 7.0) was 

added tor stafac culture at 28°C for 1 .5 hours. A 50 ^1 portion of the culture medium was seeded on a YEB agar medium 
(1 .2% of agar) containing 1 00 ppm of kanamycin and cultured at 28»C for 2 days. A single colony was selected from the 
colonies thus obtained, and the plasmid DNA was prepared from the colony by the alkaline method. After digesting the 
plasmid DNA with an appropriate restriction enzyme, the DNA fragment was isolated by 1% agarose gel electrophore- 
sis and confirmed by the Southern blot technique with a ^^p-iabelled chimeric ATase DNA as a probe. The Aptobacte- 
num is referred to as ALBNSPT 

(3) Transformation of tobacco 

The Agrobacterium ALBNSPT thus obtained was shaking cultured in an LB liquid medium containing 50 ppm of 
kanamycin at 28°C for 24 hours. A 1.5 ml portion of the culture medium was centrifuged at 1 0.000 rpm for 3 minutes to 
collect cells, washed with 1 ml of the LB medium to remove kanamycin. further centrifuged at 10,000 rpm for 3 minutes 
to collect cells, and suspended again into l .5 ml of the LB liquid medium to form a cell solution for infection 

Next, in order to infect tobacco leaves with Agrobacterium, young tobacco leaves were collected, dipped into a 
0 5%aqueous sodium hypochtorite solution for 10 minutes, washed three times with sterile water, and water was wiped 
off on a sterile filter paper to make leaves for infection. The leaves were aseptically cut into pieces having a size of 1 
cm* with a knife, placed on an Agrobacterium cell solution with the rear side up. gently shaken for 2 minutes then 
placed on a stenlefiHer paper to remove the surplus of the Agrobacterium. The suspensbn culture cells of tobacoi (cul- 
tivar: Xanthi-nc) was spread over an MS-B5 medium (containing 1 .0 ppm of benzyl adenine. 0.1 ppm of naphthalene 
acetate and 0.8% agar)(T Murashige and F Skoog. Plant Physiol.. 15: 473. 1962) in a dish, a Whatman No 1 filter 
paper (diameter 7.0 cm) was layered, and the leaves were placed with rear side up on the filter paper. The dish was 
sealed with a film sheet and cultured with a light cycle of lightness for 16 hours and daii<nes8 for 8 hows at ZS-C for 2 
days. Subsequently, the leaves were transferred into an MS-B5 medium containing 250 ppm of CLAPHORAN (Hechst) 
and cultured in the same manner for 10 days to remove the agrobacterium. The callus was transferred to an MS-BS 
medium containing 250 ppm of CLAPHORAN and 100 ppm of kanamycin. and cultured for further 30 days during 
which the arcumference of the leaves was callused. and young plants were redifferentiated from some of the calluses 
■me young plant was transferred onto a (plant hormone free) MS-B5 medium containing 250 ppm of CLAPHORAN and 
100 ppm of kanamyan to grow the regenerated cells, and further acclimatized to soil for cultivatfon in a greenhouse 
The tobacco cultivated in the greenhouse was used as a material for the following tests 
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Fy porimftntai gyaimie 4 Analysis of fatty acids in tobacco into which a gene (PPQ) in the chimeric ATase has been 
introduced 

Phosphatidyl glycerols (PG) were prepared from the transformant plant obtained in Example 3 and a control plant 
(tobacco in which a GUS gene has been introduced by pBI121). and the fatty adds analSBa|. 

Extraction of lipids was carried out by the Bligh-Dyer method (Can. J. Biochem. Physiol.. 37: 91 1. 1959). isopropa- 
nol (5 ml) containing 0 1% butylhydroxytoluene were warmed at SCC. and cells having a wet weight of 2 g were cut into 
Dieces auicWy added to the alcohol, treated at SO'C for 5 minutes and cooled to room temperature. The mixture of chlo- 
roformand methanol (1:2. volume ratio. 20 ml) was added, and after disrupting the cells in a homogenizer. the mixlure 
was left standing for 15 minutes. The mixture was diluted with 12 ml of chloroform and 12 ml of distilled water, stinred 
vioorously. separated into the aqueous layer and the organic layer by centrifugation at 3.000 rpm and A'C for 30 min- 
utes to recover the organic layer (lower layer). An appropriate amount of ethanol was added to the organic layer, and 
the organic solvents were removed with a rotary evaporator at SO'C under reduced pressure. The residue was dis- 
solved in 2 ml of a mixture of chloroform and methanol (1 : 4. volume ratio) and used as the total lipid extract. 

In order to fractionate the lipids, the lipids were mixed with 25 ml of a suspension of DEAE-Toyopearl 650C (TOSC^ 
and 25 ml of 1 M aqueous sodium acetate solution (pH 7.0) to form an acid type. This was washed sequentially vwth 
distilled water and methanol, suspended in methanol, charged into a column having an internal diameter of 2 cm up to 
a heiaht of 1 5 cm and further washed with SO ml of a mixture of cMorolorm and methanol (1 . 4, volume ratio). 

The total lipid' extract was applied on the column, washed sequentially virith 50 ml of a mixture of chloroform and 
methanol (1 4 volume ratio). 50 ml of acetic acid, and 15 ml of a mixlure of chloroform and methanol (1 : 4. volume 
ratio) to remove most of the contaminated lipids. Then, washing with SO ml of a 10 M aqueous ammonium acetate solu- 
tion (20 • 80 0 2 volume ratio) gave a lipid fraction containing PG. The fraction v«s diluted with 15 ml of ethanol. and 
the solvents were removed under reduced pressure. The residue was dissolved in 200 »J of a mixture of chlorotomi and 
methanol (2 • 1 volume ratio), and the lipids was separated on a silica gel-TLC plate # 5721 (Merck) with a developing 
solvent of chloroform : methanol : acetic acid : water (50 : 20 : 10 : 1 5 : 5. volume ratio). After TLX) separation, pnmuton 
was sprayed for fluorescent coloring under ultraviolet light, and the PG fraction having the same rate of f kw as ttwt of 
the authentic PG vws shaven off together with silica gel and put into a screwed test tube. 2.5 ml of 5% methanolic hydro- 
chloric acid was added, and the mixture was reacted to methylate the fatty adds. The methyl esters of fatty acids were 
extracted four times with hexane. and the solvent was removed under reduced pressure. Gas c^^^O'^tog'-aphy v^s 
used for the analysis of fatty acid methyl esters. Fractionation was carried out with a gas diromatograph GC-1 7AAWFW 
(Shimadzu Seisakusho. Ltd.). fatty acid methyl esters were identified by comparing the retertion limes wi* those of 
standaid fatty add methyl esters. Quantitative determination was carried out with Chromatopak C-R7A plus (Shimadzu 
Seisakusho. Ltd.). The results are shown in Table 1. 



Table 1 



Compositions of fatty acids and molecular species of PG in the leaves of 

tok^acco 


Plant 


16:0+ 16:1t+ 18:0 (%) 


Estimated saturated 
molecular species (%) 


Control 


70.9 


41.8 


Transformant #1 


75.8 


51.6 


Transformant #2 


75.4 


50.8 


Transformant #3 


63.8 


27.6 


Transformant #4 


67.1 


34.2 


Transformant #5 


66.7 


33.4 



xAihiio th^ r^ntent M «ho ^♦,.rat«j f a t t y adds f 1 R:n *^f> ■ ^ ^+ ^f^f)) i n thR fRtty adds linkfiri tn Pfi was 70 9% i n the 



contrd tobacco the content increased in tiansfbrmants # 1 and 2 and decreased in transformants # 3. 4 and 5 jn me 
tobaccos into which chimeric ATase (PPQ) had been introduced. It was thus indicated that the expression of the dii- 
meric ATase makes possible the both directions of inaeasing and decreasing the unsaturated fatly aads. Partcularly. 
in the case of decreasing the unsaturated fatly acid contents, the content of the fatty adds in the transformant #3 was 
decreased in a proportion of 7% or more as compared with that of the control, and the saturated molecular species was 
also decreased to a level below 28%. 
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Industrial ApolicabilHy 



. h-.h K ^'T r®"**''"' ^ '^^•'^^"^ ^"^^^^ 9®"® ^«^*"9 3" unsaturated fatty acid ester as a substrate and 

cor±^^^^ T '"^"^ '^""^ "^"^^"y ^^"^'"9 ^'"-^^^^ been succes^^^^^^^^^^^ 

companng the DMAs and amino acd sequences of spinach as a typical chilling resistant plant and of squash^ a^m 

Tthf ^r^-^^'^.^^^ r? ^ ^'"''"""^^ genes are linked to an^S^^^^^^^^^ 

at the specrf.c regions. (It has been quite an unexpected result that the ATase obtained from the chSeT^Tq^ne^^^^ 
combinaton of a gene derived from a chilling resistant plant and a gene derived from a chZ s^nXe^^^^^^^ 
incr^sed subs^rme selectivity to unsaturated fatty acids than that of the chilling resistant plan? ^ ' ^" 

.hnrlJ"^' J ^ according to the present Invention is useful as a gene which is capable of affordina a stronaer 

chilling resistance to plants by introduang it into them. oi anoraing a stronger 
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Sequence Listings 

SEQ ID NO: 1 (abbreviated name: PPQ) 
Sequence length: 1104 
Sequence type: nucleic acid 
St r andedness : double 
Topology: linear 
Molecule type: cDNA (chimeric) 
Original source: 
15 Organism: spinach and squash 

Strain: Spinacia oleracea L. var. grabra Viroflay, and 
Cucurbita moscata Duch. 



10 



20 



30 



35 



45 



so 



Sequence description: 



48 



96 



ATG GCT AGC CAC TCT OGC ACT TAT CGT AAC GTT CX5T TCT GCA GAA GAG 
Met Ala Ser His Ser Arg Thr Tyr Arg Asn Val Arg Ser Ala Glu Glu 
25 1 5 10 15 

CTG ATA TCT GAA ATA AAA AGG GAA TCA GAA ATT GGA AGG TTA COT AAA 
Leu He Ser Glu He Lys Arg Glu Ser Glu He Gly Arg Leu Pro Lys 

20 25 30 

AGT GTT GCT TAT GCT ATG GAG GGA CTT TTT CAC TAG TAT CGC AAT GCA 144 

Ser val Ala Tyr Ala Met Glu Gly Leu Phe His Tyr Tyr Arg Asn Ala 

35 40 45 

GTC CTT TCA AGT GGA ATT TCT CAT GCT GAT GAA ATA GTG TTG TCA AAC 192 
Val Leu Ser Ser Gly He Ser His Ala Asp Glu He Val Leu Ser Asn 

50 55 60 

ATG AGT GTT ATG CTT GAT TTT GTT TTG TTG GAT ATT GAG GAC CCT TTT 240 
Met Ser Val Met Leu Asp Phe Val Leu Leu Asp He Glu Asp Pro Phe 

65 70 75 80 

GTA TTT CCA CCG TTT CAC AAA GCT ATT CGA GAG CCT GCT GAC TAT TAT 288 
Val Phe Pro Pro Phe His Lys Ala He Arg Glu Pro Ala Asp Tyr Tyr 

85 90 95 

TCC TTT GGT CAA GAT TAC ATT CGG OCA TTG GTA GAT TTT GGA AAT TCA 336 
Ser Phe Gly Gin Asp Tyr He Arg Pro Leu Val Asp Phe Gly Asn Ser 

100 105 
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TAT GTT GGT AAC ATC GCC ATT TTC CAA GAA ATG GAG GAG AAG CTT AAG 384 
Tyr Val Gly Asn lie Ala lie Phe Gin Glu Met Glu Glu Lys Leu Lys 

115 120 125 

CAG GGT GAG AAC ATC ATC TTA ATG TOC AAC CAT CAA AGT GAA GCA GAT 432 
Gin Gly Asp Asn lie He Leu Met Ser Asn His Gin Ser Glu Ala Asp 

130 135 140 

2 C GCA GTG ATT GCA TTA CTT CTG GAG AAG ACA AAT TCA CTA ATC GCA 480 
Pro Ala Val He Ala Leu Leu Leu Glu Lys Thr Asn Ser Leu He Ala 
145 150 155 160 

GAA AAC TTG ATC TAC ATA GCA GGT GAT CGA GTT ATA ACA GAT CCT CTT 528 
Glu Asn Leu He Tyr He Ala Gly Asp Arg Val He Thr Asp Pro Leu 

165 170 175 

TGC AAG CCC TTT AGC ATG GGA AGG AAT CTT CTT TGT GTT TAC TCT AAG 576 
Cys Lys Pro Phe Ser Met Gly Arg Asn Leu Leu Cys Val Tyr Ser Lys 

180 185 190 

AAG CAC ATG TAT GAT GAT CCC GAG CTT GTT GAT GTA AAG AAA AGA GCA 624 
Lys His Met Tyr Asp Asp Pro Glu Leu Val Asp Val Lys Lys Arg Ala 

195 200 205 

AAT ACA AGG AGT TTG AAA GAG TTG GTC TTA CTT TTA AGA GGT GGT TCA 672 
Asn Thr Arg Ser Leu Lys Glu Leu Val Leu Leu Leu Arg Gly Gly Ser 

210 215 220 

AAA ATA ATC TGG ATT GCA CCC AGT GGT GGA AGA GAT CGT CCA GAT GCT 720 
Lys He He Trp He Ala Pro Ser Gly Gly Arg Asp Arg Pro Asp Ala 
225 230 235 240 

GTC ACT GGT GAA TGG TAC CCA GCA CCC TTT GAT GCT TCT TCA GTG GAC 768 
Val Thr Gly Glu Trp Tyr Pro Ala Pro Phe Asp Ala Ser Ser Val Asp 

245 250 255 

AAC ATG AGA AGG CTT ATT CAA CAT TCG GAT GTT CCT GGG CAT TTG TTT 816 
Asn Met Arg Arg leu He Gin His Ser Asp Val Pro Gly His Leu Phe 

260 265 270 

CCC CTT GCT TTA TTA TGT CAT GAC ATC ATG CCC CCT CCC TCA CAG GTC 864 
Pro Leu Ala leu leu Cys His Asp He Met Pro Pro Pro Ser Gin Val 

275 280 285 

GAA ATT GAA ATT GGA GAA AAA AGA GTC ATT GCC TTT AAT GGG GOG GGT 912 
Glu He Glu He Gly Glu Lys Arg Val He Ala Phe Asn Gly Ala Gly 
290 295 300 
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TTG TCT GTG GCT COT GAA ATC AGC TTC GAG GAA ATT OCT GOT ACjC CAC 

Leu Ser Val Ala Pro Glu He Ser Phe Glu Glu He Ala Ala Thr His 
305 310 315 320 

AAA AAT CCT GAG GAG GTT AGG GAG GCA TAG TCA AAG GCA CTG TTT GAT 1008 
Lys Asn Pro Glu Glu Val Arg Glu Ala Tyr Ser Lys Ala teu Phe Asp 

325 330 335 

TCT CTG GCC ATG CAA TAG AAT GTG CTC AAA ACG GCT ATC TCC GGC AAA 1056 
Ser Val Ala Met Gin Tyr Asn Val Leu Lys Thr Ala He Ser Gly Lys 

340 345 350 

CAA GGA CTA GGA GCT TCA ACT GCG GAT GTC TCT TTG TCA CAA CCT TGG 1104 
Gin Gly Leu Gly Ala Ser Thr Ala 7\sp Val Ser Leu Ser Gin Pro Trp 
355 360 365 
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SEQ ID NO: 2 (abbreviated name: QPQ ) 
Sequence length: 1104 
5 Sequence type: nucleic acid 

Strandedness : double 
Topology: linear 
Molecule type: cDNA (chimeric) 
Original source: 

Organism: spinach and squash 

Strain: Spinacia oleracea L. var. grabra Viroflay, and 
15 Cucurbita moscata Duch. 

Sequence description: 



10 



20 



25 



30 



ATG GCT AGC Cy^C TCC CGC AAA TTT CTC GAT GTT CGC GAA GAG 48 

Met Ala Ser His Ser Arg Lys Phe Leu Asp Val Arg Ser Glu Glu Glu 

^5 10 15 

TTG CTC TCC TGC ATC AAG AAG GAA ACA GAA GCT GGA AAG CTC OCT CCA 96 
teu teu Ser Cys He Lys Lys Glu Thr Glu Ala Gly Lys Leu Pro Pro 

20 25 30 

AAT GTT GCT OCA GGA ATG GAA GAA TTG TAT GAG AAT TAT AGA AAT GCT 144 
Asn Val Ala Ala Gly Met Glu Glu Leu Tyr Gin Asn Tyr Arg Asn Ala 

35 40 45 

GTT ATT GAG AGT GGA AAT CCA AAG GCA GAT GAA ATT GTT CTG TCT AAC 192 
Val lie Glu Ser Gly Asn Pro Lys Ala Asp Glu He Val Leu Ser Asn 
35 50 55 50 

ATG ACT GTT GCA TTA GAT CGC ATA TTG TTG GAT GTG GAG GAT CCT TTT 240 
Met Thr Val Ala I^u Asp Arg He Leu Leu Asp Val Glu Asp Pro Phe 
65 70 75 80 

40 

GTC TTC TCA TCA CAC CAC AAA GCA ATT CGA GAG CCT TTT GAT TAG TAG 288 
Val Phe Ser Ser His His Lys Ala He Arg Glu Pro Phe Asp Tyr Tyr 

85 90 95 

45 ATT TTT GGC CAG AAC TAT ATA CGG CCA TTC ATT GAT TTT GGA AAT TCA 336 

He Phe Gly Gin Asn Tyr He Arg Pro Leu He Asp Phe Gly Asn Ser 

100 105 110 
TTC GTT GGT AAC CTT TCT err TTC AAG GAT ATA GAA GAG AAG CTT AAG 384 
Phe Val Gly Asn Leu Ser Leu Phe Lys Asp He Glu Glu Lys Leu Lys 
115 120 125 



so 
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15 



CAG 
Gin 

cxx: 

Pro 
145 
GAA 
Glu 



GGT 
Gly 
130 
GCA 
Ala 

AAC 
Asn 



20 



TGC AAG 
Cys Lys 

AAG CAC 
Lys His 



GAC AAC ATC 

Asp Asn lie 

GTG ATT GCA 
Val lie Ala 

TTG ATC TAG 
Leu lie Tyr 
165 

CCC TTT AGC 
Pro Phe Ser 

180 
ATG TAT GAT 
Met Tyr Asp 
195 



ATC TTA 

lie Leu 
135 

TTA CTT 

Leu Leu 
150 

ATA GCA 
He Ala 

ATG GGA 
Met Gly 

GAT CCC 
Asp Pro 



ATG TCC 

Met Ser 

CTG GAG 
Leu Glu 

GGT GAT 
Gly Asp 

AGG AAT 
Arg Asn 
185 
GAG CTT 
Glu Leu 
200 



AAC CAT CAA AGT GAA GCA GAT 432 

Asn His Gin Ser Glu Ala Asp 
140 

AAG ACA AAT TCA CTA ATC GCA 480 
Lys Thr Asn Ser Leu lie Ala 

155 160 
OGA GTT ATA ACA GAT OCT CTT 528 
Arg Val He Thr Asp Pro Leu 
170 175 
CTT CTT TGT GTT TAC TCT AAG 576 
Leu Leu Cys Val Tyr Ser Lys 

190 

GTT GAT GTA AAG AAA AGA GCA 624 

Val Asp Val Lys Lys Arg Ala 

205 
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AAT ACA 
Asn Thr 
210 
AAA ATA 

Lys He 
225 

GTC ACT 
Val Thr 

AAC ATG 
Asn Met 

CCC CTT 
Pro Leu 

GAA ATT 

Glu He 
290 
TTG TCT 
Leu Ser 
305 



AGG AGT 
Arg Ser 

ATC TGG 

He Trp 

GGT GAA 
Gly Glu 

AGA AGG 
Arg Arg 
260 
GCT TTA 
Ala Leu 
275 

GAA ATT 
Glu He 

GTG GCT 
Val Ala 



TTG AAA GAG 

Leu Lys Glu 
215 

ATT GCA CCC 
He Ala Pro 

230 
TGG TAC CCA 

Trp Tyr Pro 
245 

CTT ATT CAA 

Leu He Gin 

TTA TGT CAT 
Leu Cys His 

GGA GAA AAA 
Gly Glu Lys 
295 

OCT GAA ATC 
Pro Glu He 
310 



TTG GTC TTA CTT TTA AGA GGT GGT TCA 672 
Leu Val Leu Leu Leu Arg Gly Gly Ser 

220 

AGT GGT GGA AGA GAT CGT OCA GAT GCT 720 
Ser Gly Gly Arg Asp Arg Pro Asp Ala 

235 240 
GCA CCC TTT GAT GCT TCT TCA GTG GAC 768 

Ala Pro Phe Asp Ala Ser Ser Val Asp 

250 255 
CAT TCG GAT GTT OCT GGG CAT TTG TTT 816 

His Ser Asp Val Pro Gly His Leu Phe 

265 270 
GAC ATC ATG COC OCT CCC TCA CAG GTC 864 

Asp He Met Pro Pro Pro Ser Gin Val 

280 285 

AGA GTG ATT GCC TTT AAT GGG GOG GGT 912 

Arg Val He Ala Phe Asn Gly Ala Gly 

300 

AGC TTC GAG GAA ATT GCT GCT AOC CAC 960 
Ser Phe Glu Glu He Ala Ala Thr His 

315 320 
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AAA AAT CCT GAG GAG GTT AGG GAG GCA TAG TCA AAG GCA CTG TTT GAT 1008 
Lys Asn Pro Glu Glu Val Arg Glu Ala Tyr Ser Lys Ala Leu Phe Asp 

325 330 335 

TCT GTG GCC ATG CAA TAG AAT GTG CTC AAA ACG GOT ATC TCC GGC AAA 1056 
Ser Val Ala Met Gin Tyr Asn Val Leu Lys Thr Ala lie Ser Gly Lys 

340 345 350 

CAA GGA CTA GGA GCT TCA ACT GCG GAT GTC TCT TTG TCA CAA CCT TGG 1104 
Gin Gly Leu Gly Ala Ser Thr Ala Asp Val Ser Leu Ser Gin Pro Trp 
355 360 365 
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SEQ ID NO: 3 (abbreviated name: Q(PQ)Q) 

Sequence length: 1104 
5 Sequence type: nucleic acid 

Strandedness : double 

Topology: linear 

Molecule type: cDNA (chimeric) 
10 Original source: 

Organism: spinach and squash 

Sequence description: 

^5 9 18 27 36 45 54 

5' ATG AGC CAC TCC CC^C AAA TTT CTC GAT GTT CGC TCT GAA GAA GAG TTG CTC 

Met Ala Ser His Ser Arg Lys Phe Leu Asp Val Arg Ser Glu Glu Glu Leu Leu 

^ 63 72 81 90 99 108 

TCC TGC ATC AAG AAG GAA ACA GAA GCT GGA AAG CTG CCT CCA AAT GTT GCT GCA 
Ser Cys lie Lys Lys Glu Thr Glu Ala Gly Lys Leu Pro Pro Asn Val Ala Ala 

117 126 135 144 153 162 

GGA ATG GAA GAA TTG TAT CAG AAT TAT AGA AAT GCT GTT ATT GAG AGT GGA AAT 

Gly Met Glu Glu Leu Tyr Gin Asn Tyr Arg Asn Ala Val lie Glu Ser Gly Asn 

30 

171 180 189 198 207 216 

CCA AAG GCA GAT GAA ATT GTT CTG TCT AAC ATG ACT GTT GCA TTA GAT CGC ATA 
Pro Lys Ala Asp Glu lie Val Leu Ser Asn Met Thr Val Ala Leu Asp Arg lie 

35 

225 234 243 252 261 270 

TTG TTG GAT GTG GAG GAT CCT TTT GTC TTC TCA TCA CAC CAC AAA GCh ATT CGA 
Leu Leu Asp Val Glu Asp Pro Phe Val Phe Ser Ser His His Lys Ala lie Arg 

40 

279 288 297 306 315 324 

GAG CCT TTT GAT TAC TAC ATT TTT GGC CAG AAC TAT ATA CGG CCA TTG ATT GAT 
Glu Pro Phe Asp Tyr Tyr lie Phe Gly Gin Asn Tyr lie Arg Pro Leu lie Asp 

45 

333 342 351 360 369 378 

TTT GGA AAT TCA TTC GTT GGT AAC CTT TCT CTT TTC AAG GAT ATA GPJK GAG AAG 
Phe Gly Asn Ser Phe Val Gly Asn Leu Ser Leu Phe Lys Asp lie Glu Glu Lys 

SO 
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387 396 405 414 423 432 

CTT AAG CAG GGT GAC AAC ATC ATC TTA ATG TCC AAC CAT CAA AGT GAA GCA GAT 

g Leu Lys Gin Gly Asp Asn lie lie Leu Met Ser Asn His Gin Ser Glu Ala Asp 

441 450 459 468 477 486 

CCC GCA GTG ATT GCA TTA CTT CTG GAG AAG ACA AAT TCA CTA ATC GCA GAA AAC 

Pro Ala Val lie Ala Leu Leu Leu Glu Lys Thr Asn Ser Leu lie Ala Glu Asn 

495 504 513 522 531 540 

TTG ATC TAC ATA GCA GGT GAT CGA GTT ATA ACA GAT CCT CTT TGC AAG CCC TTT 

15 

Leu lie Tyr lie Ala Gly Asp Arg Val lie Thr Asp Pro Leu Cys Lys Pro Phe 

549 558 567 576 585 594 

20 AGC ATG GGA AGG AAT CTT CTT TGT GTT TAC TCT AAG AAG CAC ATG TAT GAT GAT 

Ser Met Gly Arg Asn Leu Leu Cys Val Tyr Ser Lys Lys His Met Tyr Asp Asp 

603 612 621 630 639 648 

25 CCC GAG CTC ACA GAA ACA AAA AGG AAA GCA AAC ACA CGA AGT CTT AAG GAG ATG 

Pro Glu Leu Thr Glu Thr Lys Arg Lys Ala Asn Thr Arg Ser Leu Lys Glu Met 

657 666 675 684 693 702 

30 

GCT TTA CTC TTA AGA GGT GGA TCA CAA CTA ATA TGG ATT GCA CCC AGT GGT GGT 
Ala Leu Leu Leu Arg Gly Gly Ser Gin Leu lie Trp lie Ala Pro Ser Gly Gly 

35 711 720 729 738 747 756 

AGG GAC CGG CCG GAT CCC TCG ACT GGA GAA TGG TAC CCA GCA CCC TTT GAT GCT 

Arg Asp Arg Pro Asp Pro Ser Thr Gly Glu Trp Tyr Pro Ala Pro Phe Asp Ala 

40 

765 774 783 792 801 810 

TCT TCA GTG GAC AAC ATG AGA AGG CTT ATT CAA CAT TCG GAT GTT CCT GGG CAT 

Ser Ser Val Asp Asn Met Arg Arg Leu lie Gin His Ser Asp Val Pro Gly His 

45 

819 828 837 846 855 864 

TTG TTT CCC CTT GCT TTA TTA TGT CAT GAC ATC ATG CCC CCT CCC TCA CAG GTC 
Leu Phe Pro Leu Ala Leu Leu Cys His Asp He Met Pro Pro Pro Ser Gin Val 

so 
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873 882 891 900 909 918 

GAA ATT GAA ATT GGA GAA AAA AGA GTG ATT GCC TTT AAT GGG GCG GOT TTG TCT 
Glu He Glu He Gly Glu Lys Arg Val He Ala Phe Asn Gly Ala Gly Leu Ser 

927 936 945 954 963 972 

GTG GCT CCT GAA ATC AGC TTC GAG GAA ATT GCT GCT ACC CAC AAA AAT CCT GAG 
Val Ala Pro Glu He Ser Phe Glu Glu He Ala Ala Thr His Lys Asn Pro Glu 

981 990 999 1008 1017 1026 

GAG GTT AGG GAG GCA TAG TCA AAG GCA GTG TTT GAT TCT GTG GCC ATG CAA TAC 
Glu Val Arg Glu Ala Tyr Ser Lys Ala Leu Phe Asp Ser Val Ala Met Gin Tyr 

1035 1044 1053 1062 1071 1080 

AAT GTG CTC AAA ACG GCT ATC TCC GGC AAA CAA GGA CTA GGA GCT TCA ACT GCG 
Asn Val Leu Lys Thr Ala He Ser Gly Lys Gin Gly Leu Gly Ala Ser Thr Ala 



1089 1098 
25 GAT GTC TCT TTG TCA CAA CCT TGG 3' 

Asp Val Ser Leu Ser Gin Pro Trp 
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SEQ ID NO: 4 (abbreviated name: PPQ) 
Sequence length: 1104 
5 Sequence type: nucleic acid 

Strandedness: double 
Topology: linear 
Molecule type: cDNA (chimeric) 

10 

Original source: 

Organism: spinach and squash 

Strain: Spinacia oleracea L. var. grabra Viroflay, and 
Cucurbita moscata Duth. 
Sequence description: 

CAA CTT CTT CGT TCT CGC ACT TAT a?r AAC GTT CGT TCT GC^ 48 
Gin Isu I«u Arg Ser Arg Thr Tyr Arg Asn Val Arg Ser Ala Glu Glu 

15 10 15 

CTG ATA TCT GAA ATA AAA AGO GAA TCA GAA ATT GGA AGG TTA CCT AAA 96 
leu lie Ser Glu He Lys Arg Glu Ser Glu He Gly Arg Leu Pro Lys 

20 25 30 

AGT GTT GCT TAT GCT ATG GAG GGA CTT TTT CAC TAG TAT CQC AAT GCA 144 
Ser Val Ala Tyr Ala Met Glu Gly Leu Phe His Tyr Tyr Arg Asn Ala 
35 40 45 

GTC CTT TCA AGT GGA ATT TCT CAT GCT GAT GAA ATA GTC TTO TCA AAC 192 
Val Leu Ser Ser Gly He Ser His Ala Asp Glu He Val Leu Ser Asn 
^ 50 55 60 

ATG AGT GTT ATG CTT GAT TTT GTT TTG TTC GAT ATT GAG GAC OCT TTT 240 
Met Ser Val Met leu Asp Phe Val Leu Leu Asp He Glu Asp Pro Phe 

65 70 75 80 

GTA TTT OCA COG TTT CAC AAA GCT ATT OGA GAG OCT GCT GAC TAT TAT 288 
Val Phe Pro Pro Phe His Lys Ala He Arg Glu Pro Ala Asp Tyr Tyr 

85 90 95 

TCC TTT GGT CAA GAT TAG ATT CGG CCA TTG GTA GAT TTT GGA AAT TCA 336 
Ser Phe Gly Gin Asp Tyr He Arg Pro Leu Val Asp Phe Gly Asn Ser 

100 105 110 

^ TAT GTT GGT AAC ATC GCC ATT TTC CAA GAA ATO GAG GAG AAG CTT AAG 384 

Tyr Val Gly Asn He Ala He Phe Gin Glu Met Glu Glu Lys Leu Lys 
US 120 125 
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CAG GCr GAC AAC ATC ATC TTA ATG TOC AAC CAT CAA ACT GAA GCA GAT 432 

Gin Gly Asp Asn He He Leu Met Ser Asn His Gin Ser Glu Ala Asp 

130 135 140 

ox: GCA GTG ATT GCA TTA CTT CTG GAG AAG AC^ AAT 480 

Pro Ala Val He Ala Leu Leu Leu Glu Lys Thr Asn Ser Leu He Ala 
145 150 155 160 

GAA AAC TTC ATC TAC ATA GCA GGT GAT CGA GTT ATA ACA GAT OCT CTT 528 

Glu Asn Leu He Tyr He Ala Gly Asp Arg Val He Thr Asp Pro Leu 

165 1*70 175 

75 TGC AAG COC TTT AGC ATC GGA AGG AAT CTT CTT TGT GTT TAC TCT AAG 576 

Cys Lys Pro Phe Ser Met Gly Arg Asn I^u Leu Cys Val Tyr Ser Lys 

180 185 190 

AAG CAC ATG TAT GAT GAT OCC GAG CTT GTT GAT GTA AAG AAA AGA GCA 624 

^ Lys His Met Tyr Asp Asp Pro Glu Leu Val Asp Val Lys Lys Arg Ala 

195 200 205 

AAT ACA AGG ACT TIG AAA GAG TTC GTC TTA CTT TTA AGA GGT GGT TCA 672 

Asn Thr Arg Ser Leu Lys Glu Leu Val Leu Leu Arg Gly Gly Ser 

210 215 220 

AAA ATA ATC TGG ATT GCA CCC ACT GOT GGA AGA GAT CCT CCA GAT GCT 720 

Lys He He Trp He Ala Pro Ser Gly Gly Arg Asp Arg Pro Asp Ala 
225 230 235 240 

GTC ACT GOT GAA TCG TAC CCA GCA CCC TTT GAT GCT TCT TCA CTG GAC 768 

Val Thr Gly Glu Trp Tyr Pro Ala Pro Phe Asp Ala Ser Ser Val Asp 

245 250 255 

AAC ATC AGA AGG CTT ATT CAA CAT TCG GAT GTT CCT GGG CAT TTC TTT 816 
Asn Met Arg Arg Leu He Gin His Ser Asp Val Pro Gly His Leu Phe 

260 265 270 

CO: CTT GCT TTA TTA TCT CAT GAC ATC ATC CCC CCT CCC TCA CAG GTC 864 
Pro Leu Ala Leu Leu Cys His Asp He Met Pro Pro Pro Ser Gin Val 

275 280 285 

GAA ATT GAA ATT GGA GAA AAA AGA GTC ATT GCC TTT AAT GGG GCG GCT 912 
Glu He Glu He Gly Glu Lys Arg Val He Ala Phe Asn Gly Ala Gly 

290 295 300 
TTC TCT GTC GCT CCT GAA ATC AGC TTC GAG GAA ATT GCT GCT ACC CAC 
Leu Ser Val Ala Pro Glu He Ser Phe Glu Glu He Ala Ala Thr His 
305 310 315 320 
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AAA AAT (XT GAG GAG GTT AGG GAG GCA TAG TCA AAG GCA CTG TTT GAT 1008 
Lys Asn Pro Glu Glu Val Arg Glu Ala Tyr Ser Lys Ala Leu Phe Asp 

325 330 

TCT GTG GOC ATG CAA TAG AAT GTG CTC AAA ACX3 GCT ATC TCC GGC AAA 1056 
Ser Val Ala Met Gin Tyr Asn Val Leu Lys Thr Ala He Ser Gly Lys 
f 340 345 35Q 

OiAGGACTAGGAGCTTCAACTGCGGATGTCTCTTTCTCACAAOCTTGG 1104 
Gin Gly teu Gly Ala Ser Thr Ala Asp Val Ser Leu Ser Gin Pro Trp 

IS 360 365 
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SEQ ID NO: 5 (abbreviated name: QPQ) 

Sequence length: 1104 

Sequence type: nucleic acid 

Strandedness : double 

Topology: linear 

Molecule type: cDNA (chimeric) 

Original source: 

Organism: spinach and squash 

Strain: Spinacia oleracea L. var. grabra Viroflay, and 
Cucurbita mo scat a Duch. 
Sequence description: 

GAG CCG GCr CAC T<X CGC AAA TTT CTC GAT 

Glu Pro Ala His Ser Arg Lys Phe Leu Asp Val Arg Ser Glu Glu Glu 
1 5 10 



75 80 
65 "0 



48 



96 



144 



riG CTC TCC TGC ATC AAG AAG GAA ACA GAA GCT GGA AAG CTG CCT (XA 

Leu Leu ser Cys He Lys Lys Glu Thr Glu Ala Gly Lys I^u Pro Pro 

20 25 30 

AAT Orr GOT GCA GGA ATC GAA GAA TTG TAT GAG AAT TAT AGA AAT GCT 

Asn Val Ala Ala Gly Met Glu Glu Leu Tyr Gin Asn Tyr Arg Asn Ala 
30 35 40 45 

GTT ATT GAG AGT GGA AAT CCA AAG GCA GAT GAA ATT GTT CTG TCT AAC 192 

val He Glu Ser Gly Asn Pro Lys Ala Asp Glu He Val Leu Ser Asn 

50 55 60 

ATC ACT GTT GCA TTA GAT CGC ATA TTC TTC GAT GTC GAG GAT CCT TTT 

Met Thr Val Ala Leu Asp Arg He Leu Leu Asp Val Glu Asp Pro Phe 



240 



288 



GTC TTC TCA TCA CAC CAC AAA GCA ATT CGA GAG CCT TTT GAT TAG TAC 
val Phe Ser Ser His His Lys Ala He Arg Glu Pro Phe Asp Tyr Tyr 

85 90 95 

ATT TTT GGC CAG AAC TAT ATA OGG OCA TTC ATT GAT TTT GGA AAT TCA 336 
He Phe Gly Gin Asn Tyr He Arg Pro Leu He Asp Phe Gly Asn Ser 

100 105 110 

rrc C?rr GGT AAC CTT TCT CTT TTC AAG GAT ATA GAA GAG AAG CTT AAG 384 
Phe Val Gly Asn Leu Ser Leu Phe Lys Asp He Glu Glu Lys Leu Lys 
115 120 125 
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10 



15 



20 



CAG GGT GAC AAC ATC ATC TTA ATG TOC AAC CAT CAA AGT GAA GCA GAT 432 
Gin Gly Asp Asn lie lie Leu Met Ser Asn His Gin Ser Glu Ala Asp 

^30 135 140 

OCC GCA GTG ATT GCA TTA CTT CTG GAG AAG ACA AAT TCA CTA ATC GCA 480 
Pro Ala Val He Ala I^u Leu Leu Glu Lys Thr Asn Ser Leu He Ala 

150 155 160 

GAA AAC TTG ATC TAC ATA GCA GGT GAT CGA GTT ATA ACA GAT CCT CTT 528 
Glu Asn Leu He Tyr He Ala Gly Asp Arg Val He Thr Asp Pro Leu 

i65 170 175 

TGC AAG GCC TTT AGC ATG GGA AGG AAT CTT CTT TCT GTT TAC TCT AAG 576 
Cys Lys Pro Phe Ser Met Gly Arg Asn Leu Leu Cys Val Tyr Ser Lys 

180 185 190 

AAG CAC ATG TAT GAT GAT CCC GAG CTT GTP GAT CTA AAG AAA AGA GCA 624 
Lys His Met Tyr Asp Asp Pro Glu Leu Val Asp Val Lys Lys Arg Ala 
195 200 205 



25 



30 



35 



40 



45 



SO 



AAT ACA 
Asn Thr 
210 
AAA ATA 
Lys He 
225 

GTC ACT 
Val Thr 



AGG AGT 
Arg Ser 

ATC TGG 
He Trp 

GGT GAA 
Gly Glu 



AAC ATG 
Asn Met 

CCC CTT 

Pro Leu 

GAA ATT 
Glu He 
290 

TTG TCT 

Leu Ser 
305 



AGA AGG 
Arg Arg 
260 
GCT TTA 

Ala Leu 

275 

GAA ATT 
Glu He 

GTG GCT 

Val Ala 



TTG AAA 
Leu Lys 

ATT GCA 

He Ala 
230 
TGG TAC 
Trp Tyr 
245 

CTT ATT 

Leu He 



GAG TTG 
Glu Leu 
215 

CCC AGT 
Pro Ser 



CCA GCA 
Pro Ala 

CAA CAT 
Gin His 



TTA TGT CAT GAC 

Leu Cys His Asp 

280 

GGA GAA AAA AGA 
Gly Glu Lys Arg 
295 

CCT GAA ATC AGC 
Pro Glu He Ser 
310 



GTC TTA CTT TTA AGA GGT GGT TCA 672 
Val teu Leu Leu Arg Gly Gly Ser 

220 

GGT GGA AGA GAT CGT CCA GAT GCT 720 
Gly Gly Arg Asp Arg Pro Asp Ala 
235 240 
OCC TTT GAT GCT TCT TCA GTG GAC 768 
Pro Phe Asp Ala Ser Ser Val Asp 

250 255 
TCG GAT GTT CCT GGG CAT TTC TTT 816 
Ser Asp Val Pro Gly His Leu Phe 
265 270 
ATC ATG CCC CCT OCC TCA CAG GTC 864 
He Met Pro Pro Pro Ser Gin Val 

285 

GTG ATT GCC TTT AAT GGG GCG GGT 912 

Val He Ala Phe Asn Gly Ala Gly 

300 

TTC GAG GAA ATT GCT GCT ACC CAC 960 
Phe Glu Glu He Ala Ala Thr His 
315 320 
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AAA AAT CCr GAG GAG GTT AGG GAG GCA TAG TCA AAG OCA CTG TTT GAT 1008 

Lys Asn Pro Glu Glu Val Arg Glu Ala Tyr Ser Lys Ala leu Phe Asp 

325 330 335 

TCT GTC GCC ATC CAA TAG AAT GTG CTC AAA ADG GCT ATC TCC GGC AAA 1056 

Ser Val Ala Met Gin Tyr Asn Val Leu Lys Thr Ala He Ser Gly Lys 

340 345 350 

CAAGGACTAGGAGCTTCAACTGOGGATGrrCTCTrrGTCACAAOCTTQG 1104 

Gin Gly Leu Gly Ala Ser Thr Ala Asp Val Ser Leu Ser Gin Pro Trp 
355 360 365 



J- 



15 



SO 



Claims 
1. 



25 



A DMA strand having the ability to bio-technologically produce glycerol-Suhosphate 
JaS^a ni^Se sl^uence encodir,g a polypeptide with a glycerol-3-phosphate ^^^^I^^I^^^T^^^ 
STiSdno ac?sequ«?ce corresponding substantially to the amino acid sequences shown .n SEQ ID NO. 1 . 2. 3. 



4or5. 



30 



2 A DNA Strand according to daim 1 . wherein the amino add sequence of the ^"^^^^^J^^^rTl 
seauenSXJ^in SEQ ID NOS: 1 . 2. 3. 4 or 5. or the amino add sequence shown in SEQ ID NOS. 1 . 2. 3. 4 or 
IIS^S ^ Ire of amino add residues have been inserted, deleted or subsututed. 

3. A DNA strand according to claim 1 or 2. wherein the amino acd sequence of the polypeptide encoded is an ammo 
acid sequence shown in SEQ ID NO: 1. 2. 3, 4 or 5. 



35 4. 



40 transferase produced by the expression of the DNA. 

6 A plant according to claim 6. wherein the content of the unsaturated fatty adds is increased. 

plant is varied from the original composition. 

" f^_T^ ^ 

hran^ o * pi«"« r.Pii is v ^n^ th.« >«rvinn thft content of un sfl ti imtPd niolpfflilar species, 



9. A process according to claim 7 or 8. wherein the content of the unsaturated fatty adds is increased. 
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